japonicus occurred in Japan. The typical sign of this disease was white spots on the inside surface of the carapace. Challenge tests demonstrated that the causative agent was highly virulent. This was demonstrated by injection of a filtrered homogenate of the lymphoid organ obtained from diseased shrimp. A non-occluded bacilliform virus was found by electron microscopy in the lymphoid organ of both naturally and experimentally infected shrimps. The virion was bacilliform and surrounded by a virion envelope (a lipid bilayer membrane). The dimension of the virion was 83 nm in diameter and 275 nm in length. From these results, the bacilliform virus is considered to be the causative agent of the disease. We carried out bacterial, fungal and parasitic examination on these shrimp. For transmission electron microscopy (TEM), the lymphoid organ was sampled from the moriboud shrimp, fixed in a mixture, of 2% glutaraldehyde and 2% paraformaldehyde in 0.2 M cacodylate buffer (pH 7.4) for several hours, and then postfixed in 2% pH adjusted to 7.6 by 7.5% NaHCO3. 
Results
One of the typical external signs of infected shrimp were white spots on the inside surface of the cara pace ( Figs. 1 and 2 ). There was a dark area in the center of this spot when observed under the light microscope (Fig. 3) . The body color of the infected shrimp became pale and reddish in color. The lymphoid organ of the diseased shrimp was swollen or shrunk.
Pathogenic fungi and parasites were not found in naturally infected shrimp. Vibrio sp. PJ (Takahashi et al., 1985; de la Pena et al., 1993) or other species of Vibrio were sometimes isolated from the lymphoid organ, heart and muscle of these shrimps. However, these bacteria, when injected into shrimp, did not reproduce the white spots on the carapace as found in the naturally infected shrimp.
In a challenge test, bacteria were rarely isolated from the lymphoid organs, heart and muscle. Inject ed shrimp started dying 2 days after inoculation and all shrimps died within 8 days (Table 2) . Typical clinical signs including white spots on the carapace and the reddish coloration were observed in all dead shrimp.
Rod-shaped virions were found in the nucleus of the cells of infected lymphoid organs obtained from the experimentally challenged shrimp (Fig. 4) and also found in the lymphoid organs of naturally in fected shrimp. The virion possessed an envelope around a central nucleocapsid (Fig. 5) . The enve lope was approximately 10 nm in thickness and the space between the envelope and the nucleocapsid was about 5 nm. An average size of the complete virions were 83 nm in diameter and 275 nm in length: the size of the nucleocapsid was 54 nm in diameter and 216 nm in length (Fig. 6) . Occlusion body was not found in any of TEM observations.
Discussion
Five baculoviral infections have been reported in penaeid species; Baculovirus penaei disease (Couch, 1974) , Monodon baculovirus disease (Lightner et al., 1983) , Baculoviral mid-gut gland necrosis (Sano et al., 1981) , Plebejus baculovirus disease (Lester et al., 1987) , and Yellow head disease (Booyaratpalin et al., 1993) . The baculovirus associated with the first four diseases infected the hepatopancreas. The hepatopancreas, therefore, is thought to be the target organ for these viruses. Yellow head disease is the only viral disease of shrimp, thus far reported, that causes severe necrosis in the lymphoid organ. The main clinical signs of this disease are a pale body and light yellow coloration of the hepatopancreas and gills. In this study, we demonstrated the presence of virulent bacilliform virus both in the naturally and the experimentally infected lymphoid organs. In the preliminary study, we also found histopathological changes in the lymphoid organ of the infected shrimp of the present study.
From our TEM observations, the agent of this disease is considered to be a non-occluded bacilli form virus. Baculoviral mid-gut gland necrosis (BMN) is the only viral infection found in kuruma shrimp (Sano et al., 1981) . The fine structure of the BMN has a similar character to that of the virus of the present study. Both viruses appeared to be surrounded by a single envelope, although Sano et al. (1981) Study on the nucleic acid of the baculo-like virus may be an important approach to clarify the taxo nomic position of the virus.
